The 5% Medicare Standard Analytic Files (SAF) are random samples used to analyze national trends in medical treatments, expenditures, and outcomes. Their utility in small-area or multilevel analyses is unknown. To demonstrate possible limitations of the 5% SAF for analysis of health behaviors in small areas. We use descriptive Chi-square goodness-of-fit tests and mapping to explore consistency in the 5% representation of the 100% population in states and counties. We conduct multilevel modeling of individual utilization of mammography or endoscopy services for cancer screening and contrast findings across the 5% and 100% files. Subjects are enrolled in both parts A and B Medicare coverage and ages 65-104, alive and residing in the same state, with no gaps in coverage during the study period. Identically defined groups are drawn from the 5% SAF and 100% population claims and denominator files. The Chi-square tests of homogeneous population subgroups in 5% and 100% files exhibit significant differences in 7 of 8 states. Maps confirm this among states' counties and find that one state is generally under-represented by the 5% SAF, while others show areas with variable representation. Multilevel modeling results are largely consistent across the partitions of the data, but 5% sample models have much lower statistical power. Area-level covariate effect estimates show some differences across the two datasets. Multilevel modeling with contextual variables may be misleading in small area analyses conducted using 5% Medicare SAFs. Provider supply and market characteristics show inconsistent results. Disparities research may benefit from 100% files to provide statistical power needed to detect meaningful differences. This is significant because the Centers for Medicare and Medicaid Services have recently curtailed permissions to use the 100% files. These 100% files are one of few sources of population data available in the U.S. that are representative of small areas in the U.S.. In times of constrained budgets, using population data files is essential so that resources can be targeted to areas robustly identified as having greatest need or gaps in outcomes.
INTRODUCTION
The Centers for Medicare and Medicaid Services (CMS) provide to researchers 5% sample extracts from claims for reimbursement for Medicare services rendered by various kinds of providers. The 5% extracts, known as the 5% Standard Analytic Files (SAF), are randomly drawn from the 100% population of claims files using a standard set of Health Insurance Claim (HIC) numbers, to provide manageable subsets of the 100% data files that allow researchers to track a standard cohort of individuals over time.
Many recent studies have used the 5% Medicare SAF to analyze national trends in medical treatments and outcomes, including: changes over time in coronary revascularization procedures, outcomes, and costs (Ryan et al, 2009) , outcomes and costs associated with peripheral arterial disease (Jaff et al, 2010) , heart failure readmission rates (Aranda et al, 2009 ), outcomes in heart failure patients after major non-cardiac surgery (Hernandez et al, 2004) , glaucoma surgery (Strutton and Walt, 2004) , and abdominal aortic aneurysm repair (Dillavou et al, 2006) . Other studies have used the SAF to analyze trends in Medicare expenditures by persons receiving different treatment paths. Pyenson et al (2004) used the SAF to examine total expenditures for Medicare patients with terminal medical conditions; Niefeld et al (2003) examined the impact of comorbid conditions on preventable hospitalizations among Medicare beneficiaries aged 65+ years with type 2 diabetes; and Hogan et al (2001) used the SAF to examine Medicare beneficiaries' expenditures in the last year of life.
The 5% Medicare SAF is a convenient sample to use in study of national outcomes and statistics, but the sampling design does not ensure that the sample is spatially representative -thus it may not adequately represent the mix of people and services in many small areas of the US. Thus, to understand geographic variation in health care utilization and outcomes, most researchers have used 100% population files. Examples of this include the Dartmouth Atlas research and other work led by Jack Wennberg (1999) , and studies by the Congressional Budget Office (CBO, 2008) . Rao et al (2001) used the 100% Medicare Part B files to study use trends and geographic variation in neuroimaging. Koroukian et al (2005 Koroukian et al ( , 2006 used 100% Medicare population data to examine disparities in use of colorectal cancer screening and spillovers from Medicare managed care onto fee-for-service (FFS) Medicare CRC screening behaviors. Mobley et al (2006) used 100% Medicare hospital inpatient claims data to examine variation in admission for preventable conditions among the elderly, and Connor et al (2007; 2008) used 100% claims files to examine geographic variation in hospice use across the US. More recently, Mobley et al (2011) used the 100% Medicare Part B and denominator files to study diffusion of endoscopy technology over the period 2001-2006. We know only one study using the 5% sample to study geographic variations. Pearlman et al (2007) used the 5% SAF to study geographic variations in the use of echocardiography among Medicare beneficiaries between 1999 and 2004, to determine the rate of growth in these services and evaluate the drivers of growth. A potential problem with this analysis is that the local-area (or even state-level) geographic representativeness of the 5% file is not known. Thus the findings are likely to be conditional on the sample, and not generalizeable to the entire Medicare population.
While the 5% sample is a random sample and is expected to be nationally representative of the traditional Medicare beneficiary population, but will not necessarily be representative of this population in smaller, sub-national areas. We use several different analyses to explore the small-area representativeness of the 5% SAF, using (only) people with traditional Medicare FFS (with complete claims information) in several comparisons. First, we use Chi-square tests of goodness-of-fit to assess whether area proportions by population subgroup are equivalent in the 5% and 100% Medicare FFS sample files, at the state level. Next, to explore any patterns in deviations in the 5% and 100% proportions at the sub-state level, we map the county-level ratios of 5% sample counts to 100% populations, county by county. Maps demonstrate any spatial patterns suggesting clusters of areas with over/under representation of the 100% population by the 5% file. Finally, we conduct multilevel modeling of the propensity for individuals to use mammography or endoscopy for breast or colorectal cancer screening or diagnostics. We use the 5% FFS sample and the 100% FFS population to estimate the same empirical model, and contrast the findings.
We conclude with a summary of the findings from these three sets of analyses. The main contribution of this paper is to demonstrate some possible limitations of using the 5% SAF for analysis of population behaviors in counties or smaller areas. (MEDPAC, 2004) , and enrollment in Medicare HMOs. Every year CMS pulls a 5% enrollment sample from the Denominator File, based on enrollees having one of the following numerical sequences in positions 8 and 9 of their personal Health Insurance Claim (HIC) number: 05, 20, 45, 70, or 95. The same numerical sequences in positions 8 and 9 are used in drawing the 5% file in consecutive years. This 5% enrollment sample is the basis for the 5% SAF drawn from the claims files.
While this sampling method produces a random sample that is likely to be nationally representative, there is no guarantee that the sample is spatially random. That is, there is no guarantee that certain areas won't contain disproportionate numbers of persons in the 5% enrollment and SAF. Thus the 5% file may not be locally representative, which has implications for any geospatial analyses using the 5% files. To assess the spatial sufficiency of the Medicare 5% SAF in utilization and outcomes research requires that we focus our analysis on people with traditional FFS Medicare coverage only. Other groups lack Medicare claims information for use in the comparisons.
Data and Measures
We used the annual 100% Medicare denominator files [2001] [2002] [2003] [2004] [2005] , and annual extracts from 100% Medicare physician carrier and outpatient claims for all mammography and endoscopy services used [2001] [2002] [2003] [2004] [2005] . We created a 'pure FFS' sample for each year (2001 to 2005) from the 100% population iles. The annual 'pure FFS' subjects included beneficiaries aged 65 to 104, who were alive the entire year, had both Parts A and B Medicare coverage, had no Medicare HMO coverage during the year, and remained living in the same state during the study period (so that a single area context was relevant for the multilevel modeling). We then used the 5% SAF indicator variable in the denominator file to draw the 5% subsample from the 100% population file. We prepared these data files for eight states to use in this analysis (California, Connecticut, Iowa, Kentucky, Louisiana, New Jersey, New Mexico, and Utah).
Statistical Analyses
We used three methods to assess differences in the 5% and 100% files and whether these differences matter for empirical research: 1) Chisquare tests, 2) mapping of ratios of 5% to 100% area populations, and 3) multilevel modeling of personal cancer test use.
Chi-square goodness-of-fit tests
We use Chi-Square tests in SAS 9.2 (SAS, 2010) to test homogeneity in the proportions of population subgroups (age, race or ethnicity, gender) across the 5% and 100% sample files, at the state level. The null hypothesis for the test is that the proportions of sample members in each state are equivalent in the 5% and 100% samples. This hypothesis would not be rejected if the 5% file was perfectly representative of the 100% file in every subgroup category in the state. The Chisquare distribution is used to determine how much deviation might occur by chance, and rejection of this hypothesis leads to the conclusion that the 5% and 100% files come from significantly different distributions of subgroup population characteristics. 
Mapping the 5% file to 100% file ratio
We use mapping to show where within states the 5% sample is disproportionate to exactly 5% of the 100% file. (This discordance results in the statistically significant state-level Chi-square test statistics noted above). To do this, we map the county-level ratio of the 5% sample counts to 100% file counts. We use a tri-color map to show counties where the ratio = 1 ( the 5% sample is exactly 5% of the 100% population sample in the county, colored white), > 1 (the 5% sample contains > 5% of the 100% population in the county, colored red) and < 1 (the 5% sample contains < 5% of the 100% population in the county, colored blue). Because the population denominator is so large, the ratio is differentiated across counties at 6 decimal places. To simplify and focus on significant patterns, we round the ratio to 3 decimal points and count anything ≤ 0.045 as < 5%, and anything ≥ 0.055 as > 5%. Results from this analysis are presented in Figure  1 .
Multilevel Modeling
We use the socio-ecological model from previous research to specify a comprehensive set of variables to include in the multilevel model (Mobley et al, 2008a; 2008b; 2010 factors at the county level, and these include capacity factors (availability of endoscopy or mammography facilities, and oncologists) and market factors impacting diffusion dynamics (MMC penetration, area poverty). The sociodemographic factors are defined for smaller areas known as primary care service areas (PCSA), which were formed from the aggregation of ZIP code tabulation areas to reflect Medicare patient travel to primary care providers (Goodman et al, 2003) . PCSAs are smaller than counties, and are thought to better represent local neighborhood conditions (Mobley et al, 2008a) .
For these analyses, the cohort identified in 2001 and satisfying in subsequent years all exclusion criteria (age, coverage, single state residence, death described above) is followed over subsequent years to determine whether any utilization occurred. For mammography (radiograph or MRI), the cohort is followed 3 years (2001) (2002) (2003) . For endoscopy (colonoscopy or sigmoidoscopy) the cohort is followed 5 years (2001-2005) . A binary indicator is created if any use occurs over the period.
The multilevel probit model is estimated in SAS. Tables 3 and 4 contain estimated marginal probability effects, i.e. the coefficient estimate '0.05' on covariate X is interpreted: 'a small change in covariate X from its mean value is associated with a 5% higher probability of utilization'. We use Generalized Estimating Equations (GEE) to control for clustering of people within counties so that the county-level variables have robust estimates of their standard errors, and the effect estimates are thus reliable in statistical inference. Results from this analysis are presented in Table 3 ( mammography utilization, 2001-2003) and Table 4 ( endoscopy utilization, 2001-2005) .
RESULTS

Chi-square Test Findings
The Chi-square tests of homogeneous population subgroups (Table 1) All states except New Mexico and Utah exhibited significant discrepancies in the sex proportions in both years. California and Louisiana exhibited discrepancies in the age proportions in 2001 that disappeared by 2003, while New Jersey exhibited discrepancies in both periods. Overall, California and New Jersey exhibited the greatest discordance between the 5% and 100% files, with significant differences noted in 5 out of 6 tests. Louisiana exhibited discordance in 4 out of 6 tests; Iowa 3 out of 6 tests; Connecticut, 2 out of 6 and Utah, New Mexico and Kentucky only 1 out of 6 tests. Also, there is more agreement in age than in other subgroup dimensions.
Findings from Mapping
Maps (Figure 1 ) are used to demonstrate where among the states' counties discordance exists in the proportion of the 100% population actually represented by the 5% SAF. Connecticut is the only state that is apparently well-represented by the 5% SAF. New Jersey has several underrepresented counties, but no over-represented counties, so the state is generally underrepresented by the 5% SAF. This may reflect the possibility that many elderly persons leave New Jersey for warmer climates. Other states show a mix of over-and under-represented areas, and the map patterns change over time for all states except Connecticut, and New Jersey is consistently under-represented over time. Table 2 we also see that the sample proportion who used any mammography 2001-2003 is always lower in the 5% file than in the 100% file, thus the 5% sample is probably not a good predictor of national mammography use rates. Also, the sample proportion who used endoscopy is usually lower in the 5% file than in the 100% file (the exceptions being in Iowa and Kentucky). The endoscopy use samples are larger than the mammography use samples, because they include both men and women. The sample statistics also show that the number of counties and local neighborhoods (PCSAs) covered by the two samples are largely equivalent. Exceptions include Utah, where the 5% sample actually misses 1 county and 2 PCSAs, and in Kentucky and California where it misses 1 PCSA. These areas not covered by the 5% file are the most sparsely populated counties and PCSAs in these states.
Multilevel Regression Findings
In each Table 3 and 4, the 5% sample regression results are presented next to the 100% sample regression results for each state. Model prediction success rates (bottom row) are roughly the same across the 5% and 100% sample regressions. Only the effect estimates that are statistically significant at the 5% level are presented in the tables. These are augmented by results significant at the 10% level, indicated with an asterisk, for the 5% sample model.
Comparisons across the 5% and 100% regression results lead to the following conclusions. The person-level variables (age through miles to closest provider) are largely consistent across the two regressions. However, the 100% sample regression has greater statistical power than the 5% sample to detect significant effect estimates for sparser population subgroups. For area-level covariates (isolation index through oncologists) the greater power in the 100% file model is even more evident. Overall, when significant, the 5% sample results are generally consistent with the 100% sample results in terms of sign of effect (positive, negative) and often in terms of magnitude of effect. The supply variables (mammography or endoscopy providers per thousand elderly, oncologists per thousand elderly) are generally significant in the 100% file analysis, but rarely so in the 5% file analysis.
Cases where the 5% and 100% file regression models provide inconsistent findings are shaded green in Tables 3 and 4 Unfortunately, all of these (9 out of 176) cases are associated with variables that are of policy importance, and modifiable by policy intervention. However, the disagreements are infrequent overall.
DISCUSSION
The Medicare 5% Standard Analytic Files (SAF) may have important limitations in small are analysis due to the sampling method used to construct it, which was not designed to be representative of people in small areas, such as counties. The literature provides no evidence to date regarding whether the 5% SAF is representative of state samples, or whether using the 5% SAF to model neighborhood influences in multilevel modeling is misleading due to nonrepresentation of areas by the 5% sample. This paper is the first to demonstrate potential limitations of Medicare 5% FFS SAF regarding 216 Spatial Demography 2012 1(2): 202-218
Mobley, Spatial Data Column small-area sufficiency of these data when used in spatial analysis of access and utilization of healthcare services.
We used the 5% SAF indicator provided in Medicare denominator file, and focused on 8 states. We fond that the 5% and 100% file samples are generally consistent in terms of empirical results from multilevel regression, although statistical power is greater in the 100% file and a greater number of covariates have significant estimates.
The two states where the instances of discordance between the 5% and 100% regressions are most numerous are also the two states with the greatest discordance exhibited from the Chisquare tests -California and New Jersey. The Chi-square analysis tests the assumption that the distribution of population subgroups is equal in the two partitions of the data (100% versus 5% files) for a particular state. In New Jersey, the 5% file is also 2-3 percentage points smaller than 5% of the 100% file sample. Mapping demonstrates that Connecticut is well-represented by the 5% file in all counties in the state, while New Jersey is generally under-represented by the 5% SAF. In other states, some counties are over-and others under-represented, and patterns change over time (2001) (2002) (2003) .
Of policy importance, the covariates that produce discrepancies in regression are several that are modifiable by policy: assistance to elderly in purchasing Part B premiums through state buy-in programs; supply of oncologists; rural intensity; and Medicare managed care penetration. Although our findings are not likely to represent all of the United States, they do provide some cause for concern, especially when interpreting results from disparities research or when smallarea analysis of access to facilities are based on 5% samples.
